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1 These two authors contributed equally to this worRUN domain is present in several proteins related to the functions of Rap and Rab family GTPases.
Accumulating evidence supports the hypothesis that RUN domain-containing proteins act as a com-
ponent of vesicle trafﬁc and might be responsible for an interaction with a ﬁlamentous network
linked to actin cytoskeleton or microtubules. That is to say, on one hand, RUN domains associate
with Rab or Rap family proteins, on the other hand, they also might interact with motor proteins
such as kinesin or myosin via intervention molecules. In this review, we summarize the background
and current status of RUN domain research with an emphasis on the interaction between RUN
domain and motor proteins with respect to the vesicle trafﬁc on ﬁlamentous network.
 2011 Federation of European Biochemical Societies. Published by Elsevier B.V.1. Introduction
The RUN domains, named from RPIP8, UNC-14, and NESCA pro-
teins, might function as effectors of the small GTPase superfamily
[1]. They are presumed to have diverse and important roles in
various cellular signaling. For example, the RPIP8 protein is an
effector of Rap2 in neuronal cells [2]; UNC-14 is required for the
axonal elongation and guidance of many neurons in Caenorhabditis
elegans [3]. Nesca also facilitates neurotrophin dependent neurite
outgrowth [4]; a RUN domain containing protein Iporin (Interacting
protein of rab1) has been identiﬁed in a yeast two hybrid screen
with rab1b Q67R as bait [5]. In this way, many RUN domain con-
taining proteins are involved in small GTPase signaling including
members of the Rap and Rab families, that affect vesicle trafﬁcking.
In contrast, the RUN domain of Rabip4, an effector protein of the
small GTPaseRab4, has no inﬂuence on the interaction, but is
supposed to be responsible for an association with a ﬁlamentous
network [6].
The RUN domain containing proteins enclose hydrophobic
amino acids in conserved positions. The sequence analysis pre-
dicted that the RUN domain is composed of six conserved blocks,
which constitute the core of globular structure [1,7]. The crystal
structure of the RPIP  RUN domain has been reported [8]. Theal Societies. Published by Elsevier
tsuda).
k.overall structure of the RUN domain adopts a single globular fold
consisting of eight alpha-helices. The isolated crystal structure of
the RUN domain differs from those of other known Ras/Rap effec-
tors, and revealed an 8-helix bundle with a novel topology, but
the complex with its signaling partner remains to be determined
[8]. The crystal structure of ﬁrst RUN domain (RUN1) of Rab6IP1
is similar to the determined crystal structure of the isolated RUN
domain from Rap2IPX, and the structure reveals that Rab6 binding
is mediated by the RUN1 domain. However, yeast two-hybrid anal-
yses of RUN1 and Rab6 failed to show an interaction [9].
2. RUN domain binds motor proteins
As indicated in Fig. 1, it is perhaps not the all function of a RUN
domain to bind a GTPase, since some of the RUN domain proteins
bind other molecules than Rab and Rap family proteins. MAP and
merlin is directly associated in vitro and in vivo, and that the
RUN domain of MAP and the C-terminus of merlin appear to be
responsible for their interaction. Merlin is a tumor-suppressor pro-
tein encoded by the neuroﬁbromatosis type 2 (NF2) gene that con-
trols cell growth and contact-inhibition of proliferation. Merlin
functions by organizing membrane domains, and is concentrated
in actin-rich structures, such as membrane rufﬂes in isolated cells
and at cell–cell contacts in dense cultures [10,11]. Many NF2 muta-
tions of Merlin are abnormally distributed in the cells and lack
tumor-suppressor activity [12,13]. Recently, it has been shown that
merlin transport machinery includes kinesin-1 and cytoplasmicB.V. Open access under CC BY-NC-ND license.
Fig. 1. Simpliﬁed RUN domain representation of typical RUN domain-containing
proteins. Listed cartoons illustrating the position of the RUN domains are depicted,
and the other identiﬁed functional domains are omitted from the cartoons to
simplify itself. RUN domain-binding partners are also shown at the right side of the
RUN domain-containing proteins. Schematic representation of the interaction
between RUN domain-containing proteins (R) and small GTPases (G) is shown
(bottom).
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tionally along microtubules [12,14]. Kinesin-1 is a tetramer con-
sisting of two 120-kDa heavy chains and two 64-kDa light
chains. Kinesin-1 heavy chain has been shown to transport protein
complexes, organelles, and mRNA to speciﬁc destinations in an
ATP- and microtubule-dependent manner [15]. The association of
merlin with the motor protein kinesin-1 suggests a role for these
proteins in microtubule-mediated intracellular signal transduction
pathways.
Both MEMO and TRAF6 are reported to be interacted with the
RUN domain-ﬂanking region of NESCA [16]. The NEMO is the
essential regulatory subunit of the IkB Kinase complex, required
for the activation of Nuclear Factor kB (NF-kB) in many physiolog-
ical processes such as inﬂammation, apoptosis or development.
NEMO works at a converging point of the NF-kB pathway as it
interacts with upstream signaling molecules to regulate the activa-
tion. It has been reported that MEMO and motor protein Myo1c act
cooperatively [17]. Furthermore, Myo1c and the actin cytoskeleton
may facilitate formation of the signaling molecule complex that
participates in the TNF-a-induced down-regulation of IRS-1 [17].
Myo1c is a motor protein that is classiﬁed as an unconventional
myosin I. This class of myosins is widely distributed, having been
identiﬁed in organisms from yeast to human. Also, the RUN
domain of NESCA directly associates to the E3 ubiquitin ligase
TRAF6, which in turn catalyzes NESCA polyubiquitination. NESCA
overexpression strongly inhibits TRAF6-mediated polyubiquitina-
tion of NEMO. By the way, TRAF6-binding protein (T6BP) is identi-
ﬁed as a myosin VI binding partner [18]. Myosin VI has been
implicated in many cellular processes including endocytosis,
secretion, membrane rufﬂing and cell motility. The role of T6BP
in exocytosis might be closely linked to the reorganization of actinﬁlaments. Taken together, NESCA represents a novel missing link in
the NEMO-mediated NF-kB activation pathway. Mutational analy-
ses demonstrate that the RUN domain is an important structural
determinant for the nuclear translocation of NESCA and that the
nuclear redistribution of NESCA is essential to its neurite out
growth promoting properties.
SKIP interacts with kinesin-1 via its RUN domain [19]. The N-
terminal RUN domain of SKIP recruits microtubule based motor
kinesin-1 and plays a role in cargo binding and recognition. The
C-terminal domain of the kinesin light chain (KLC) consists of six
degenerate repeats of a tetratricopeptide (TPR) module. This TPR
domain links kinesin-1 to receptor proteins on various vesicular
cargoes [20,21]. The RUN domain of SKIP interacts with the TPR do-
main of KLC [22]. In this way, RUN domain binds to some mole-
cules, those are related to motor proteins, in addition to Rab and
Rap family proteins (Fig. 1), and the RUN domain might be respon-
sible for an interaction with a ﬁlamentous network of an unidenti-
ﬁed nature but is probably linked to the actin-ﬁlaments or
microtubules.3. Small GTPases also associate with motor proteins and/or
ﬁlamentous molecules
The Rab proteins are a large family of small GTPases that partic-
ipate in regulating intracellular vesicular membrane trafﬁcking
pathways. Some Rab proteins recruit effectors to promote vesicle
formation and membrane fusion and play a fundamental role in
phagosome formation and early endocytic pathways [23,24]. For
example, Rab8 plays an important role in exocyticmembrane trafﬁc
from Golgi complex to plasma membrane [25]. The Rab8 is associ-
ated with myosinVI via optineurin, and the Rab8–optineurin–myo-
sin VI complex might be involved in presenting the secretory
vesicle to plasma membrane before fusion [26]. Similarly, the
Rab27A indirectly recognizes myosin Va on melanosomes via
Slac2-a [27]. The Rab27B, a closely related isoform of Rab27A, is
also associated with Myosin Va/VIIa via Alac2c/MyRIP [28]. Rab27
and Slac2c/MyRIP are part of a complex mediating the interaction
of secretory granules with cortical actin cytoskeleton and partici-
pate to the regulation of some exocytosis-steps. Rab35 regulates
neurite outgrowth in neuronal-like cells, which is due to its direct
inﬂuence on actin dynamics [29]. Rab11 and Rab11-family interact-
ing protein 3, which plays a role in membrane trafﬁcking and
regulation of actin dynamics, are both required to support the
formation of ﬁlamentous virions [30].
Rap proteins (Rap1a, -1b, -2a, and -2b) are small GTPases clo-
sely related to Ras. Rap1 is involved in various cellular processes,
most notably, the regulation of integrin-mediated cell adhesion
and cadherin-mediated cell junction formation [31]. It has been
demonstrated that interaction between Rap-family proteins and
proﬁlin II, an important activator of actin polymerization is medi-
ated via Rgl3, a RalGDS-related protein [32]. RAPL, aRap1-associat-
ing molecule localized on microtubules and the activated Rap1 and
RAPL control the directional migration of vascular endothelial
cells. Rap2 interacts with the platelet cytoskeleton by direct bind-
ing to the actin ﬁlament, which is the polymerized but not the
monomeric form of actin [33,34]. The interaction of Rap2 with
actin ﬁlaments is independent of the bound nucleotide. In this
way, Small GTPases related to RUN domain containing proteins
also associate with motor proteins and/or ﬁlamentous molecules
(Fig. 2 [43–50]). While small GTPases are fundamental for phago-
some maturation and trafﬁcking, actin remodeling is also critical.
Actin is polymerized at the site of particle attachment and directs
membrane extension during phagosome formation. Many actin
associated proteins are enriched at the phagocytic cup and play
essential roles in phagocytosis [35].
Fig. 2. Interactions of Rab and Rap small GTPases with Actin/Microtubule binding
proteins are shown. References to the interaction are also shown at the right side of
each lane. Schematic representation of the interaction between small GTPases (G)
and its binding partners (I) is shown (bottom and background). (See above-
mentioned references for further information.)
Fig. 3. An integrated hypothetical model for the involvement of RUN domain-
containing proteins in vesicle trafﬁc. RUN domain-containing proteins (R) associate
with both small GTPases (G) and motor proteins and ﬁlamentous network. We
hypothesize that small GTPases and RUN domain-containing proteins recruit each
other onto ﬁbrous materials to function vesicle trafﬁc. RUN domain-containing
proteins could function as complexed form with small GTPases on motor proteins
or ﬁlamentous network. Detailed cargo binding domains and motor domains are
omitted from the illustration of motor protein to simplify this model.
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The RUN domain containing proteins have been shown to
promote endosomal fusion and are important for vesicular trans-
port, and the RUN domains appear to be required for localizationto detergent-insoluble endosomal microdomains [36–38]. The
physical interaction between RUN proteins and ﬁlamentous mate-
rials has been conﬁrmed by pull-down and two-hybrid experi-
ments using wild type and mutant proteins [39–41]. However, it
is noteworthy that interaction with Rab (or Rap) is not the sole
structural feature linking RUN proteins to vesicle trafﬁc. It is
reasonable to speculate that in years to come vesicle trafﬁc [42]
will be represented in a more complex way with RUN domain con-
taining proteins. The association among the small GTPases, RUN
proteins, and motor proteins might reﬂect anew function for these
proteins in transport of vesicular cargoes within cells (Fig. 3).
Recently, it has been reported that FYCO1 functions as an adapter
linking autophagosomes to microtubule molecular motors [51],
and the Rab7 is implicated in the phagosomal transport and fusion
[52]. In conclusion, we hypothesize as in Fig. 3, there is a common
pathway underlying the mechanism of association of RUN domains
with the motor proteins. The functional signiﬁcance of this event in
the signaling pathways remains to be established. Deciphering the
precise mechanisms involved will provide new insight into the
physiological roles of this interesting protein family in regulating
vesicle trafﬁc. Future studies are needed to conﬁrm this hypothe-
sis. Indeed, the RUN domain containing proteins will be an active
focus of investigation of this ﬁeld.
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